Introduction {#section1-1559325820907741}
============

Increasingly, patients are considering complementary and alternative approaches for treatment of serious diseases, such as cancer. In response, academic cancer institutes are proposing integrative medicine therapies in addition to traditional treatments.^[@bibr1-1559325820907741]^ Among those, the category of "healing touch" (HT) has been qualified as a mind--body intervention by the US National Center for Complementary and Integrative Health. This type of intervention is a form of the so-called energy healing, an intentional technique said to manipulate and balance the "energies" of the body; it has been reported to be beneficial on a wide variety of conditions, usually in combination with more traditional therapies.^[@bibr2-1559325820907741]^

There are many variations in the practice of energy healing. One common feature is that the healer seems to promote self-healing in the patient, rather than literally send energy to the patient; another is that the healer and patient do not need to be near each other. In other words, the terms "energy healing" and "healing touch" may both be misnomers in that these techniques do not appear to involve a transfer of energy, at least not as energy is commonly defined within current physics, and HT does not necessarily require close proximity.

Because of the heterogeneity in energy healing practices, as well as the variability in responses to treatment, the underlying mechanisms are poorly understood, and their therapeutic potential is yet to be reliably demonstrated. Reviews of clinical trials testing energy healing for various diseases suggest that therapeutic potential that may be more readily demonstrated with improved study designs, for example, focusing on targeted outcomes or clarifying methods used for the intervention, among others.^[@bibr3-1559325820907741]^

We have developed a method to record magnetic and electromagnetic signals associated with energy healing, then play back that recording to test if it mimics the effect of a live healer. The energy healing technique we have focused on is the Bengston Healing Method (BHM), a technique developed in the early 1970s.^[@bibr4-1559325820907741],[@bibr5-1559325820907741]^ Anecdotal reports and laboratory tests by BHM practitioners suggest that it is effective in treating cancer in human and animals. We recently investigated effects of exposing cancer cells in vitro to a recording of the BHM technique.^[@bibr6-1559325820907741]^ Results showed that transcription of genes involved in cancer and immunity pathways were affected by the recording, even though the relative strength appeared to be less than the direct hands-on method. Based on those results, we conducted an in vivo pilot investigation of the effect of the same recording on tumor growth and disease outcome in a syngeneic breast cancer mouse model.

Methods {#section2-1559325820907741}
=======

Cell Line {#section3-1559325820907741}
---------

The murine mammary tumor cells 4T1 (ATCC, Manassas, Virginia) were cultured in RPMI (Gibco, Thermo Fisher, Waltham, Massachusetts) supplemented with 10% fetal bovine serum (FBS, Gibco) and maintained at 37°C in a humidified atmosphere with 5% CO~2~. Cells were passaged by trypsinization twice a week.

Animals {#section4-1559325820907741}
-------

All animal experiments were approved by the Institutional Animal Care and Use Committee of Lifespan and were conducted per approved protocol. On day 1 of the study, 8-week-old female Balb/c mice were subcutaneously injected with 100 000 4T1 cells in the flank above the leg and the animals were randomized in 3 treatment groups: control (no exposure, N = 5), weekly exposure (N = 10), and daily exposure (N = 10). The procedure for exposure to BHM recording is detailed below.

Blood samples were collected once a week for all mice, including before initiation of treatment.

All animals but 3 in each group were euthanized on day 21 as they reached a criterion for euthanasia (ulceration or tumor size \> 2 cm^3^). The 9 remaining mice were allowed to develop ulcers per protocol and were euthanized on day 28 as the calculated tumor volume reached 2 cm^3^. In addition, 15 mice (5 for control, 5 for daily exposure, and 5 for weekly exposure) were subjected to the same treatment regimen, including blood collection, without injection of cancer cells.

Recording of BHM {#section5-1559325820907741}
----------------

To record the BHM healing process, 3 BHM practitioners located inside a solid steel, double-walled, electromagnetically shielded chamber (ETS-Lindgren, Cedar Park, Texas, Series 81 Solid Cell) directed their healing intentions for 5 minutes toward samples of organic cotton. As the treatment of cotton took place, 4 types of sensors in the shielded chamber recorded ambient magnetic and electromagnetic signals. They included (1) eleven 3-axis magnetoresistive sensors (Honeywell model HMC2003, sensitivity 50 microGauss from DC-1 kHz), (2) 2 "mini-Whip" active antennas (Roelof Bakker, <http://dl1dbc.net/SAQ/miniwhip.html>) recording electromagnetic fields above 10 kHz, (3) a geomagnetometer (Integrity Design, Essex Jt, Vermont, model IDR-321, sensitivity 1 milliGauss, DC-500 Hz), and (4) 2 custom-fabricated so-called "Caduceus" coils, designed to cancel out transverse electromagnetic waves. Each of these 38 analog signals was digitized by a 24-bit analog-to-digital converter at 44.1 kHz (model Motu 24ai; Motu, Cambridge, Massachusetts). Custom PC software converted and saved the incoming sensor signals into the .wav audio format, which could be played back later as an audio file. The present studies focused on the recording of the 33 magnetic signals.

Treatment {#section6-1559325820907741}
---------

The treatment consisted of 4 hours of exposure to the recording. The audio system playing the recording was placed on a shelf above the mice cages with the speakers pointing down toward the cages. This system was described in more detail in a previous publication.^[@bibr6-1559325820907741]^ During the period of exposure, the recording was repeatedly played on a loop by a computer connected to an amplifier with passive speakers. The volume of the computer and the player, software, as well as the amplifier was set at 50%. The amplifier was under the control of a timer, which allowed the sound to be played continuously for 4 h/d. Following engraftment, mice in the daily exposure group were housed in the dedicated room. Mice in the weekly exposure group were brought once a week into the room, while mice in the control group were housed in a distant general housing room. Healthy animals were subjected to the same treatment as the tumor-bearing mice.

Sample Collection and Storage {#section7-1559325820907741}
-----------------------------

Blood was collected on day 0 (before injection with 4T1), and on days 7, 14, 21, and 28 after injection by cheek bleed and by cardiac puncture at euthanasia. For cheek bleeds, samples from 2 to 3 mice were pooled in the same tube to increase the working volume. Plasma was isolated by centrifugation after a complete cell blood count was performed and stored at −20°C for further cytokine-level measurements. Tumors were excised at euthanasia and a portion was snap-frozen and stored at −80°C for further real-time polymerase chain reaction (RT-PCR) analysis. Another portion was stored in 10% neutral-buffered formalin (Richard Allan Scientific, San Diego, California) for immunohistochemistry staining. Spleens were excised and splenocytes were obtained by dissociating a section of the spleen in phosphate buffer saline (PBS). After one wash, the cells were resuspended in RPMI 1640 (Gibco) containing 4% FBS (Atlanta Biological, Flowery Branch, Georgia), 2 mg/mL glucose (Sigma Aldrich, St. Louis, Missouri), 2 mM glutamine (Gibco), penicillin/streptomycin (Gibco), and 10 μM 2-mercaptoethanol (Sigma Aldrich). The splenocytes were directly used for immunophenotyping or were cultured at a concentration of 1.5 × 10^6^ cells/mL overnight at 37°C and the supernatant was collected at 24 hours and stored at −20°C for further measurement of cytokines.

Assessment of Tumor Growth and Health of the Animals {#section8-1559325820907741}
----------------------------------------------------

The weight of each mouse was measured 3 times a week. To measure tumor growth, 2 perpendicular measurements were taken with electronic calipers (GlowGeek, China) every 2 to 3 days when the tumors started to appear. Tumor volume (Tv) was calculated using the following formula: Tv = *L* × *W* × *W*/2, where *L* (length) is the short measurement and *W* (width) is the longest measurement. Every week, complete cell blood count was evaluated using the HemaTrue Veterinary Hematology Analyzer (Heska, Loveland, Colorado), according to the manufacturer's instructions.

Cytokine Panels {#section9-1559325820907741}
---------------

Cytokines levels in plasma and splenocytes supernatants were measured using the Millliplex MAP mouse cytokine/chemokine magnetic kit (Millipore, Burlington, Massachusetts), according to the manufacturer' instructions. Briefly, samples were incubated overnight with a mix of 25 microspheres coated with capture antibodies. After washes, the biotinylated detection antibody was added for 1 hour, followed by incubation streptavidin--phycoerythrin conjugate. The signal of individual microspheres was analyzed using the Luminex 200 with Xponent software (Biorad, Hercules, California), according to the manufacturer's instructions. The following cytokines were included in the kit: granulocyte-colony stimulating factor (GCSF), granulocyte--macrophage colony stimulating factor (GM-CSF), interferon-γ, interleukin (IL)1A and IL1B, IL2, IL4, IL5, IL6, IL7, IL9, IL10, IL12(p40), IL12(p70), IL13, IL15, and IL17, IP10, MKC, MCP-1, MIP-1A and MIP-1B, MIP-2, RANTES, and tumor necrosis factor-α.

Quantitative Real-Time Polymerase Chain Reaction {#section10-1559325820907741}
------------------------------------------------

Frozen tumor samples were thawed in RNALater ICE (Thermo Fisher) overnight and homogenized using a mechanical homogenizer (Polytron, Kinematica, New York) in TRIzol (Thermo Fisher). Total messenger RNA was extracted following the manufacturer's instructions. Complementary DNA (cDNA) was synthetized using RT2 First-Strand Kit (Qiagen, Germantown, Maryland) from 250 ng of RNA and expression of genes was analyzed using RT2 pPCR Primer Assay (Qiagen), according to the manufacturer's instructions. One microliter of cDNA was used in the PCR reactions. Results were analyzed using the ΔΔCt method.

Immunophenotypic Analysis {#section11-1559325820907741}
-------------------------

Cells used for immunophenotyping studies were either splenocytes or leukocytes obtained from blood. When mice were euthanized, blood was collected via cardiac puncture using a syringe that had been rinsed with 10% potassium ethylenediaminetetraacetic acid. The blood was placed in a 1 mL Wintrobe tube (Fisher Scientific, Hampton, New Hampshire) and centrifuged at 2000 rpm for 10 minutes. The plasma was removed and stored at −20°C for future analysis. The buffy coat was collected and placed in 2 mL of red blood cell solution for 10 minutes at room temperature. Then 10 mL of PBS was added and the tubes were centrifuged at 1500 rpm for 5 minutes. The cells present in the pellet or splenocytes were incubated with a panel of labeled monoclonal antibodies: anti-CD3 PE-Cy7, CD4 BV605, CD8 APC-H7, natural killer (NK)1.1 APC, and CD19 V450 (BD Biosciences, San Jose, California) in staining buffer on ice in the dark for 20 minutes. Cells were then washed in the staining buffer and resuspended in staining buffer and analyzed on an LSRII flow cytometer (BD Biosciences). Isotype controls were used for each experiment. Results were analyzed using FlowJo version 10 software (FlowJo, LLC, Ashland, Oregon).

Statistical Analyses {#section12-1559325820907741}
--------------------

Student *t* tests were used to determine *P* values between control group (nonexposed) and experimental groups (exposed); *P* values less than 0.05 were considered statistically significant.

For PCR, Ct values were analyzed using the online tool Data resources Center [(Qiagen.com](http://(Qiagen.com)), and fold-changes (2^−ΔΔCt^) were determined as the normalized gene expression (2^−ΔCt^) in the experimental sample divided by the normalized gene expression (2^−ΔCt^) in the control sample; *P* values were calculated based on a Student *t* test of the replicate 2^−ΔCt^ values for each gene in the control group and treatment groups.

Results {#section13-1559325820907741}
=======

Effect of BHM Recording on Tumor Growth and General Health {#section14-1559325820907741}
----------------------------------------------------------

Tumors started to appear on day 9 postengraftment in all groups. On day 16, ulceration appeared on the tumors and the first 3 ulcerated mice in each treatment group were separated from their littermates and transferred to a new cage (1 new cage per group). All of the other mice were euthanized on day 21 because they reached a criterion for euthanasia (ulceration or tumor size \> 2 cm^3^). The 9 remaining mice were euthanized on day 28, as the ulcers or tumors had reached the maximum size (5 mm and 2 cm^3^, respectively). Control mice not injected with tumor cells but subjected to the same treatment regimen were euthanized on day 28. Despite the size of the tumors and for some mice the dragging of the injected leg, tumor-bearing mice looked healthy and were grooming, eating, and drinking similarly to the noninjected controls. No loss or gain of weight was observed ([Figure 1A and B](#fig1-1559325820907741){ref-type="fig"}). As measured by calipers, the size of tumors in the control group tended to be greater than in both treatment groups at later time points, corresponding to the 9 remaining mice ([Figure 1C](#fig1-1559325820907741){ref-type="fig"}). However, the average weight of tumor tissue excised after euthanasia did not vary between the groups (not shown), presumably because some samples contained muscle tissue in tumors embedded in the leg. Hematoxylin/eosin staining of tumor sections revealed a classic aggressive cancer phenotype with mitotic areas and necrotic areas due to lack of blood supply (Supplemental data 1). There was no difference between the treatment and control groups.

![Weight and tumor size throughout the study. A and B, Weight of mice. The weight of each mouse was measured 3 times a week. Graphs show the average weight in each group (control, weekly, and daily exposure) throughout the study for tumor-bearing mice (A) and tumor-free control mice (B). C, Tumor size. Two perpendicular measurements were taken with electronic calipers every 2 to 3 days when the tumors started to appear. Tumor volume (Tv) was calculated using the following formula: Tv = *L* × *W* × *W*/2, where *L* (length) is the short measurement and *W* (width) is the longest measurement. Data represent the average of all mice in each group. For day 21 and beyond, data represent the average of 3 mice per group remaining in the study.](10.1177_1559325820907741-fig1){#fig1-1559325820907741}

Exposure to the Recording Induced an Increase in Myeloid Cells {#section15-1559325820907741}
--------------------------------------------------------------

A complete blood count (CBC) was performed on samples collected every week and at euthanasia. All parameters were normal throughout the study, except for the leukocyte count in tumor-bearing mice. We observed an increase in leukocytes in all groups over the time, as it has been described in this model.^[@bibr7-1559325820907741]^ We found that this increase was more pronounced in the daily treatment group than in the control group ([Figure 2A](#fig2-1559325820907741){ref-type="fig"}). The weekly group showed an intermediate count, suggesting a possible dose response to the treatment. No change in the leukocyte count was observed in tumor-free mice exposed to the recording. The difference between the control and the treatment groups was attributed to an increase in myeloid cells, specifically granulocytes ([Figure 2B](#fig2-1559325820907741){ref-type="fig"}). Blood samples collected at euthanasia confirmed this trend. There were more samples for which the leukocyte count exceeded the limit of detection of the analyzer (100 000 cells/μL) in the daily treatment group than in the weekly treatment group or in the control group ([Figure 3A](#fig3-1559325820907741){ref-type="fig"}). The leukocyte count was significantly increased in the daily exposure group than in the 2 other groups ([Figure 3B](#fig3-1559325820907741){ref-type="fig"}). These results were associated with an increase in the size of the spleen. Enlargement of the spleen is common in murine models of cancer and has been described previously for the 4T1/Balb/c model.^[@bibr8-1559325820907741]^ In tumor-bearing mice exposed to the recording, the weight of the spleen was increased 8-fold as compared to healthy mice, while there was a 5-fold increase in the control group ([Table 1](#table1-1559325820907741){ref-type="table"}).

![Increase in leukocytes throughout the study. A, Leukocyte count throughout the study. In tumor-bearing mice (left panel), leukocytes (white blood cells) started to increase slightly in the daily treatment group on day 7. All groups show an increase in leukocytes at day 14 and day 21, more pronounced for the daily treatment group. In control animals, leukocytes remained stable at low level. B, Leukocyte subtypes count in tumor-bearing mice. All 3 types of leukocytes (lymphocytes, monocytes, and granulocytes) were increased, but granulocyte was the cell type that contributed for most of the increase in leukocytes. Bars represent the average of all mice in each group. On day 21, the blood of the 3 mice in each group was pooled into one sample.](10.1177_1559325820907741-fig2){#fig2-1559325820907741}

![Increase in leukocytes above the limit of detection at euthanasia. A, Percentage of samples for which the white blood cell (WBC) count was \>100 000 cells/μL, which is the limit of detection of the machine used for the complete blood count, at euthanasia. All mice from the daily treatment group euthanized at day 28 had a higher WBC count. B, Leukocyte count in each sample at euthanasia. Each dot represents one animal. Samples above the limit of detection were artificially set up to 100 000 cells. The average leukocyte count, represented by the horizontal bars, was significantly higher in the daily group than in the control or weekly group. (*P* \< .05, unpaired, 2-tailed *t* test).](10.1177_1559325820907741-fig3){#fig3-1559325820907741}

###### 

Enlargement of the Spleen.^a^

![](10.1177_1559325820907741-table1)

  Treatment   Spleen Weight (g)   Ratio Tumor/Control   
  ----------- ------------------- --------------------- ------
  Control     0.09 (0.01)         0.51 (0.17)           5.67
  Weekly      0.06 (0.01)         0.48 (0.16)           8.00
  Daily       0.08 (0.02)         0.62 (0.13)           7.56

^a^ Spleens were weighted at day 28 for the tumor-free mice (5 animals per group) and tumor-bearing mice (3 animals per groups). The first 2 columns display the average weight and standard deviation in parenthesis. The last column displays the ratio of the average weight in each group.

Effect of the Recording on Lymphocyte Populations {#section16-1559325820907741}
-------------------------------------------------

The complete blood count results did not show a difference of the total lymphocyte count between the groups. We investigated the cellular composition of the lymphocyte population by flow cytometry to identify a potential effect of the recording in tumor-bearing mice. The proportion of T cells, B cells, and NK cells was examined using the blood samples collected throughout the study. Results showed an increase in B cells in all groups in the course of the study, with a peak at day 15 ([Figure 4A](#fig4-1559325820907741){ref-type="fig"}), no change in CD4+ and CD8+ T cells ([Figure 4B and C](#fig4-1559325820907741){ref-type="fig"}). Interestingly, NK and NKT cells were increased in the control group at day 15 and 21, suggesting a possible anticancer response ([Figure 4D and E](#fig4-1559325820907741){ref-type="fig"}). In the group of mice treated daily, this increase was lower but appeared earlier.

![Lymphocytes subpopulations in blood samples throughout the study. Peripheral blood mononuclear cells were stained with fluorescent coupled anti-CD19, CD3, CD4, CD8, and NK1.1 antibodies. Signal was analyzed by flow cytometry and results were analyzed using FlowJo. Results are presented as percentage of lymphocytes, gated on size (FSC), and granularity (SSC). FSC indicates forward scatter; SSC, side scatter.](10.1177_1559325820907741-fig4){#fig4-1559325820907741}

Cytokine Profile {#section17-1559325820907741}
----------------

We then investigated the cytokine profile of blood samples and splenocyte supernatants collected at euthanasia in the tumor-bearing mice, using a panel of 25 cytokines. [Table 2](#table2-1559325820907741){ref-type="table"} shows the fold-change (upper value) and *P* value (*t* test, bottom value) of cytokine levels in the weekly and daily treated group as compared to the control group. The largest changes were observed with GM-CSF and IL7: 17- and 4.9-fold increase at D14 and D21, respectively. Expression of GM-CSF was measured by RT-PCR in the tumors ([Figure 5A](#fig5-1559325820907741){ref-type="fig"}). Results showed a modest but significant increase in the expression level in the daily group, and an intermediate level in the weekly group, which was a similar trend observed with the cytokine profile and also with the increase in granulocytes in the blood.

###### 

Fold-Change in Cytokine Levels.^a^

![](10.1177_1559325820907741-table2)

  ------------ ---------------- -------------------- ------- -------- ------- -------- ------- -------- ------- -------- ------- ------
               Plasma Samples   Spleen Supernatant                                                                               
  D8           D14              D21                  D28     D21      D28                                                        
  Weekly       Daily            Weekly               Daily   Weekly   Daily   Weekly   Daily   Weekly   Daily   Weekly   Daily   
  GM-CSF                                             12.0    17.0     1.60                                                        
  0.0577       **0.0128**       **0.0236**                                                                                       
  IL7                                                                 4.89                                                        
  **0.0097**                                                                                                                     
  G-CSF                                                                                                                          3.19
  **0.0014**                                                                                                                     
  IL12(p40)                                                                            −3.07                                      
  **0.0303**                                                                                                                     
  IL10                                                                                                  −2.08   −1.72             
  **0.0084**   **0.0402**                                                                                                        
  IL6                                                                                                           2.20              
  **0.0328**                                                                                                                     
  IL1B                                                       5.80                                               1.88             2.02
  0.0577       **0.0353**       **0.0316**                                                                                       
  IL15                                                                2.30    2.08                                                
  0.0952       0.0673                                                                                                            
  ------------ ---------------- -------------------- ------- -------- ------- -------- ------- -------- ------- -------- ------- ------

Abbreviations: D, day; GM-CSF, granulocyte--macrophage colony stimulating factor; IL, interleukin.

^a^ Plasma samples (left) and supernatant from spleen cells (right) were analyzed to detect a panel of 25 cytokines using a milliplex-MAP assay. Data are presented as fold-change (upper value) and *P* value (*t* test, bottom value) compared to the control for each time point (D8, D14, D21, and D28). Only cytokines with significant changes \>2-fold at 1 or more time points are displayed.

*p* values in bold are considered significant (*p* \< 0.05).

![Expression of GM-CSF, IL6, MMP9 and BCL2 in tumors. RNA was extracted and RT-qPCR was performed as previously described.^[@bibr6-1559325820907741]^ Each dot represents one animal and the relative expression was calculated with the 2^−ΔΔCt^ method. Significant differences when compared to the control group are shown with an asterisk (\*; *P* \< .01, unpaired, 2-tailed *t* test). GM-CSF, granulocyte--macrophage colony stimulating factor; IL6, interleukin 6; MMP9, matrix metalloproteinases 9; BCL2, B-cell lymphoma 2; qRT-PCR, quantitative real-time polymerase chain reaction.](10.1177_1559325820907741-fig5){#fig5-1559325820907741}

Interleukin-6 produced by splenocytes increased in the daily treatment group at day 21 ([Table 2](#table2-1559325820907741){ref-type="table"}). However, it was consistently decreased in the blood at all time points with the daily treatment. Interleukin-6 promotes expression of antiapoptotic genes such as B-cell lymphoma 2 (*BCL2*) or genes that participate in metastasis formation, such as matrix metalloproteinase 9 (*MMP9*).^[@bibr9-1559325820907741],[@bibr10-1559325820907741]^ We investigated the IL6-mediated signaling in the tumors by qRT-PCR and found that IL6 showed a trend to increase in the tumors in both the weekly and daily groups ([Figure 5B](#fig5-1559325820907741){ref-type="fig"}), though the increase was not statistically significant. BCL2 was significantly increased in the daily group ([Figure 5C](#fig5-1559325820907741){ref-type="fig"}) and MMP9 was significantly increased in both groups, with a 2.94-fold increase in the weekly group ([Figure 5D](#fig5-1559325820907741){ref-type="fig"} and [Table 3](#table3-1559325820907741){ref-type="table"}).

###### 

Expression of GM-CSF, IL6, BCL2, and MMP9 in Tumor Samples.^a^

![](10.1177_1559325820907741-table3)

  -------- ------------- ----------- ------------- -----------
           Weekly        Daily                     
           Fold-Change   *P* Value   Fold-Change   *P* Value
  GM-CSF   1.35          0.1856      1.66^b^       0.0089
  IL6      2.24          0.2009      1.44          0.0857
  BCL2     1.36          0.3054      2.51^b^       0.0017
  MMP9     2.94^b^       0.0160      1.72^b^       0.0406
  -------- ------------- ----------- ------------- -----------

Abbreviations: BCL2, B-cell lymphoma 2; GM-CSF, granulocyte--macrophage colony stimulating factor; IL6, interleukin-6; MMP9, matrix metalloproteinase 9; qRT-PCR, quantitative real-time polymerase chain reaction.

^a^ RNA was extracted and qRT-PCR was performed as previously described.^[@bibr6-1559325820907741]^ The table shows fold-changes and associated *P* values compared to the control in the weekly (gray) and daily (white) groups.

^b^ Statistically significant fold-changes (Student *t* test, *P* \< .05).

Discussion {#section18-1559325820907741}
==========

It was hypothesized that healing potential could be "captured" in a recording, which could in turn reproduce the effect of healing with intent. To test this hypothesis, we exposed tumor-bearing mice to a recording that previously suggested the induction of biologic changes in vitro.^[@bibr6-1559325820907741]^ In the present study, no significant effects of the recording on tumor growth were observed up to 21 days, but at the predefined end of the study, tumors in the treated group tended to be smaller than in the control group.

In an independent study reminiscent of this observation, researchers reported a moderate effect of HT on tumor progression in the 4T1/Balb/c model.^[@bibr11-1559325820907741]^ Those investigators exposed mice injected with tumor cells to HT in sessions of 10 minutes every day or every other day over a period of 10 days. Although no statistically significant difference was reported in that study, the tumor in control mice (ie, not exposed to HT and housed in a separate room) tended to be bigger than those in the mice exposed to HT. The authors of that study argued that refinements of dose, frequency, and duration might improve the quality of results.

The most interesting result in our experiment was an increase in myeloid cells in the blood of tumor-bearing mice exposed to the recording. This was associated with an increase in GM-CSF in the tumor environment as well as in the blood. The role of GM-CSF in breast cancer is dual: On one hand, it can lead to the generation of myeloid-derived suppressor cells (MDSCs) that are associated with tumor progression, as their role is immunosuppressive.^[@bibr12-1559325820907741],[@bibr13-1559325820907741]^ On the other hand, GM-CSF in the microenvironment of the tumor has been shown to decrease tumor progression by recruiting antigen-presenting cells.^[@bibr14-1559325820907741]^ Other immune cells can be activated in response to GM-CSF, including T cells, granulocytes, macrophages, and NK cells.^[@bibr15-1559325820907741]^ Our results suggested that the increase in GM-CSF may not be associated with MDSCs. Granulocyte-colony stimulating factor, which also participates in granulocyte differentiation and not in MDSCs proliferation, was elevated in the spleen of daily treated mice at day 28. In addition, immunophenotypic analysis revealed no changes in the number of CD11b+Ly6-G+ MDSCs cells between groups at day 28 in both the spleen and the blood (data not shown). Immunofluorescence staining of tumor sections revealed the presence of CD11b^+^Gr-1^+^ MDSC in necrotic areas within the tumors (Supplemental data 1), as described in other cancers.^[@bibr16-1559325820907741]^ There were no apparent difference between the groups.

However, we did observe an increased production of IL6 by the splenocytes of mice exposed to the recording. Interleukin-6 is generally associated with tumor progression in breast cancer, as it promotes proliferation of MDSCs and transcription of antiapoptotic and promigratory genes, such as *BCL2* and *MMP9*. Consistent with the increase in IL6, we found that expression of these 2 genes was increased in the tumor of treated mice as compared to the control group. The qRT-PCR results were unexpected as they suggest a promotion of the tumor phenotype. In addition, expression of IL1 was upregulated in the spleen with the daily treatment, and levels of IL1β were higher in the daily group than the control in the blood samples throughout the study. This result was surprising because in our previous study, we found that IL1β expression was downregulated in breast cancer cell lines when exposed to either the recording or to the hands-on delivery of BHM.^[@bibr6-1559325820907741]^ We did not find any difference in the tumor expression of IL1β in the present study by qRT-PCR. Interleukin-1β is mostly associated with metastasis in breast cancer, but we did not see clinical or anatomical signs of metastasis in our study.

Cytokines often exhibit dual roles in cancer, depending on the expressing cells, the receiving cells, the microenvironment, or the combination of cytokines expressed, among others. With GM-CSF, IL7 was the most affected by exposure to the recording. These 2 cytokines are among the short list of cytokines in clinical trials for patients with advanced cancer.^[@bibr17-1559325820907741]^ Interleukin-7 promotes proliferation and maturation of lymphocytes and is being studied for its ability to enhance T-cell antitumor response in a variety of cancers.^[@bibr18-1559325820907741]^ In combination with IL15, it has been shown to decrease tumor volume and lung metastasis in murine melanoma and colon cancer models^[@bibr19-1559325820907741]^ and to induce antitumor immune cells in the 4T1 model.^[@bibr20-1559325820907741]^ Interestingly, we found that IL15 was also increased in the daily treated group, though this increase was not statistically significant.

The expression profiles of IL7 and IL15 were similar. Although the levels remained low in the control group, they were increased in both treatment groups as compared to the control group (Supplemental data 2). The levels of both IL7 and IL15 continued to increase at day 28. It has been suggested that the 2 cytokines can act together to increase infiltrating T cells.^[@bibr21-1559325820907741]^ In the present study, we did not see an increase in T cells in the blood nor did we see infiltrating T cells, except in necrotic areas within the tumor.

The other cytokines showing significant \>2-fold changes were interleukin-12(p40) (IL12(p40)), IL10, IL1β, and IL6. Interleukin-12 is a dimeric protein with 2 subunits of 35 and 40 kb. Interleukin-12(p40) is shared with another cytokine, IL-23. Although IL12 is considered an antitumor cytokine, the p40 subunit may be detrimental to the activity of the whole protein by forming p40--p40 homodimers that act as competitive inhibitors of IL12.^[@bibr22-1559325820907741]^ A recent study showed that inhibition of IL12(p40) led to apoptosis in 4T1 cells.^[@bibr23-1559325820907741]^ Interleukin-12(p40) was decreased in the blood of mice treated weekly at day 28, indicating a potential antitumor effect of the recording. Interleukin-10 was also decreased in the spleen of treated mice at day 21. Interleukin-10 is usually considered an immunosuppressive cytokine, and its inhibition could suggest a restoration of antitumor immune response. It is important to note that the decreases of IL12(p40) and IL10 were isolated and not observed at other time points.

Flow cytometry analysis indicated that there was no effect of the recording on B and T cells. Histological examination of the tumor confirmed this observation with the absence of CD4+ cells and the presence of CD8+ cells in necrotic areas in all groups (Supplemental data 1). We observed an increase in NK and NKT cells at days 15 and 21, suggesting a possible anticancer response. In the group of mice treated daily, this increase was lower but appeared earlier. Both NK and NKT cells, as part of innate immunity, are expected to appear early in the course of a disease. The earlier presence of NK and NKT cells in the daily group compared to the control group may indicate an earlier immune response to the tumor. A limitation to our interpretation of these results is that NK and NKT cells were present in very low proportions, and small variations (possibly due to variability between samples) can influence the final conclusions.

Previous work using hands-on techniques rather than the healing recording with the C3H/HeJ syngeneic model produced a reduction in tumor size after 4 to 6 weeks of daily hands-on treatment subsequent to engrafting.^[@bibr24-1559325820907741]^ In the present study, where we used the Balb/c/4T1 model, there was only a trend of tumors slowing down growth at day 28. The Balb/c/4T1 model might be less sensitive to this healing method.

There is evidence of a "loss of signal" when the recording is used. Previous in vitro work suggests weaker effects obtained from the recording alone when compared to hands-on methods.^[@bibr6-1559325820907741]^ Similarly, Balb/C/4T1 mice exposed to a hands-on method of healing showed a trend of smaller tumors in as early as 10 days. ^[@bibr11-1559325820907741]^

Whether this might be due to the limitations of recording technology or information outside the normal electromagnetic field spectrum remains unknown. Further investigations are necessary to determine the viability of this approach when compared to the traditional hands-on approach. Observations among experts in the field suggest that a live healer may be engaged in a dynamic feedback loop with the subject, whether either of them is aware of it or not. Perhaps, the use of physiological parameter (eg, heart rate variability) to modulate the strength or frequency of the recording could help bridge the gap between live healers and this recording.

Despite a possible loss of "signal" or information in the present method, this approach could still address the variability inherent to individuals practicing the healing method and scale up the delivery of the healing method.

In summary, our pilot study shows the following:

-   Exposure to the recording does not produce adverse effects.

-   All animals in the treatment group were as "healthy" as in the control group, whether or not they were engrafted with tumor.

-   The recording did not induce a dramatic antitumor effect as measured by tumor volume within the time of the study (28 days), but at later time points, tumor volume in the control group was larger than in the treatment groups.

-   The recording induced a leukemoid reaction (increase in myeloid cells) in tumor-bearing mice.

-   The cytokine-level profile suggested an antitumor effect, but the recording may also have induced an IL6-mediated signal that could potentially promote tumor growth.

Our results suggest that the recording might have a biological effect on mice injected with cancer cells, but it will be important to better characterize this effect by reproducing this experimental design with longer predefined end points followed by a refinement of dose, frequency, and duration of treatment.
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